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(57) An object of the invention is to provide an alu- 
mina sol which contains a small amount of excess water 
inside the crystal lattice of boehmite, which has an 
extremely high concentration, high mechanical strength 
and properties particularly suitable for alumina carriers 
or hydrogenation catalysts, which can be fed to a form- 
ing process without subjecting it to a special concentra- 
tion operation thereby to greatly contribute improvement 
of productivity, and which is advantageous from the 
viewpoint of energy conservation because any concen- 
tration step is unnecessary. 

The alumina sol of the invention comprises fibrous 
boehmite represented by the molecular formula 
Al 2 0 3 • 1.05-1. 30H 2 O and having a weight mean diam- 
eter of 3 to 50 nm and a weight mean length of 30 to 
3,000 nm, and the alumina sol is synthesized in an alu- 
mina concentration of 15 to 60 % by weight. 
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Description 

TECHNICAL FIELD 

5 The present invention relates to an alumina sol, a process for producing the same, a process for producing an alu- 

mina forming product using the same, and an alumina supported catalyst obtained by the use of the alumina forming 
product. More particularly, the invention relates to an alumina sol comprising fibrous boehmite of high monodispersibil- 
ity which contains a small amount of water of crystallization and is composed of thin and long boehmite fibers. The 
invention also relates to a process capable of producing the alumina sol in a high concentration. The invention further 

10 relates to a process for producing an alumina forming product, wherein the above alumina sol is used without subjecting 
it to a special concentration operation to produce an alumina forming product that is optimum for alumina adsorbent or 
alumina carrier which has excellent mechanical strength and sharp pore distribution and is useful in fields of catalyst 
industry, exhaust gas purification and petroleum chemistry. The invention furthermore relates to an alumina supported 
catalyst which is obtained by supporting an active metallic component on the alumina forming product and thereby 

15 shows desired properties, which has excellent mechanical strength and sharp pore distribution, and which is favorable 
for heavy oil treatment in the petroleum refining. 

BACKGROUND ART 

20 Processes for producing alumina sols, alumina methods having %- and p-crystal structures, hydrolyses of aluminum 
salts, metal supporting methods, forming methods and hydrogenation catalysts, etc. of the prior art, all relating to the 
present invention, are described below. 

With respect to an aqueous alumina sol obtained by hydrolysis of aluminum alkoxide, Japanese Patent Laid-Open 
Publication No. 10535/1995 (referred to as "Publication No. 1" hereinafter) discloses a process wherein hydrated alu- 

25 mina is def locculated under heating in the presence of an acid to produce a transparent low-viscosity alumina sol. With 
respect to needle-like colloidal boehmite, a process wherein aluminum alkoxide is hydrolyzed to produce boehmite hav- 
ing a length of 100 to 500 nm is disclosed in J. Am. Cera. Soc, 74(6) 1,303-1,307 (1991) (referred to as "Publication 
No. 2" hereinafter). 

With respect to a process for producing an aqueous alumina sol using metallic aluminum, Japanese Patent Publi- 

30 cation No. 166220/1985 (referred to as "Publication No. 3" hereinafter) discloses a process wherein an amorphous 
fibrous alumina sol is produced from metallic aluminum and an organic acid; and Japanese Patent Laid-Open Publica- 
tion No. 24824/1993 (referred to as "Publication No. 4" hereinafter) discloses a process wherein hydrochloric acid is 
added in the presence of silicic acid ion and sulfuric acid radical to produce an amorphous alumina sol of bunchy fibers 
having a diameter of 20 to 100 jutm and a length of 200 to 500 jum. 

35 As the processes using a starting material analogous to that of the present invention, that is, the processes for pro- 
ducing alumina forming products wherein ultrafine boehmite or bayerite is synthesized from alumina having p- and %- 
crystal structures obtained by the contact of aluminum hydroxide with hot gas and the boehmite or bayerite is used to 
produce alumina forming product, the following ones can be mentioned. Japanese Patent Laid-Open Publication No. 
21319/1975 (referred to as "Publication No. 5" hereinafter) discloses a process for producing an active alumina forming 

40 product. Japanese Patent Laid-Open Publication No. 74994/1976 (referred to as "Publication No. 6" hereinafter) dis- 
closes a process for producing a forming product carrier for a high-purity, thermally stable, active alumina supported 
catalyst. Japanese Patent Publication No. 13446/1984 (referred to as "Publication No. 7" hereinafter) discloses a proc- 
ess for producing alumina in the form of flaky or bunchy ultrafine boehmite. Japanese Patent Publication No. 
72624/1986 (referred to as "Publication No. 8" hereinafter) discloses a process for producing dispersible hydrated alu- 

45 minum oxide having a low bulk density. 

In the general process for producing an alumina forming product, aluminum salt, aluminate or the like is hydrolyzed 
to produce an alumina hydrogel in the presence of a salt as a by-product, and the hydrogel is subjected to washing of 
the salt and concentration to obtain an alumina forming product. In the forming product obtained by the process, the 
surface area and the pore volume can be made large, but the pore structure and the strength are insufficient. In such 

so circumstances, Japanese Patent Laid-Open Publication No. 26512/1986 (referred to as "Publication No. 9" hereinafter) 
describes improvement of the pore structure. With respect to industrial forming, Japanese Patent Laid-Open Publica- 
tions No. 7164/1971 and No. 16395/1972 (referred to as "Publication No. 10" and "Publication No. 11", respectively, 
hereinafter) disclose a process comprising washing an alumina hydrogel obtained by hydrolysis over a filter to remove 
a salt as a by-product, subjecting the hydrogel filter cake containing a large amount of water to spray drying in a hot gas 

55 to obtain a dry product, pulverizing the product, adjusting the water content and forming. Japanese Patent Laid-Open 
Publication No. 104568/1994 (referred to as "Publication No. 12" hereinafter) discloses a process comprising washing 
a hydrogel obtained by hydrolysis, drying the hydrogel, mixing the dry gel in a mixer in the presence of a deflocculating 
agent, and extruding the mixture. 
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The hydrogenation catalyst carrier for use in the petroleum refining industry is produced by the hydrolysis method 
capable of making the pore volume large, but the strength of the resulting catalyst is insufficient. In the petroleum refin- 
ing industry, the insufficient strength of the catalyst may cause such a serious problem that powdering of the catalyst 
takes place in the reactor to mainly cause a biased stream, whereby a local abnormal high temperature is brought 
5 about. 

In the three way catalysts for the automobile exhaust gas purification, catalyst carriers wherein materials mainly 
made of alumina are supported on honeycombs made of cordierite or stainless steel are employed. The corrugated cat- 
alyst carriers having a laminated structure are ideal in other catalytic reactions, but they have not been commercialized 
yet. 

10 In the process for producing an alumina sol using aluminum alkoxide, that is described in Publication No. 1, an alu- 
mina sol is synthesized in an alumina concentration of 5 to 1 0 %, and the alumina sol is concentrated by heating to have 
a concentration of up to 20 %. The fiber form is not described, but from the viscosity formula of the colloidal solution, it 
is easily presumed that the resulting boehmite particle in the low-viscosity alumina sol is extremely short and slender. 
The alumina forming product obtained from the slender particles has a three-dimensional network with narrow voids 
15 even when the alumina sol is converted to a hydrogel, and therefore it becomes difficult to ensure a sufficient pore vol- 
ume. In the process of Publication No. 2, colloidal boehmite in the form of needle of 200 to 500 nm and having a low 
content of water of crystallization is obtained, but there resides problems such that plural kinds of aluminum alkoxides 
are used, the synthesized alumina sol has only a low alumina concentration of not more than 1 %, and because of the 
too low alumina concentration, great equipment and a large number of steps are necessary for conducting concentra- 
te tion. Moreover, there is a commercial problem such that the use of the special aluminum alkoxide and the synthesis 
conditions within the low-concentration region make it impossible to mass produce alumina sols at low costs. 

In each of the processes of Publications No. 3 and No. 4 to produce a fibrous alumina sol from metallic aluminum, 
an alumina sol of amorphous fibrous particles is obtained. In the fibrous alumina sol obtained by the process described 
in Publication No. 4, the fibers are in the form of bunches. In such alumina sol of bunchy fibers, however, the pore diam- 
25 eter formed in the secondary particles (agglomerates) is small, and macropores are produced as voids among the sec- 
ondary particles (agglomerates). Thus, the whole pore distribution becomes such a broad pore distribution that various 
pores from micropores to macropores are present, so that any favorable pore structure cannot be expected. The alu- 
mina concentrations in the examples are 10 to 11 %, and therefore if a high concentration is desired, great concentra- 
tion equipment is necessary. 

30 The process for producing an alumina forming product, wherein starting alumina having p- and %-crystal structures 
is used and the crystal form is transformed to a desired crystal form, has more simple steps as compared with the 
hydrolysis method. However, the alumina forming products obtained in Publications No. 5 and No. 6 have a small pore 
volume and is insufficient in physical properties required for various uses such as catalysts. Further, it is not described 
in the publications that an alumina forming product having a sharp pore distribution was produced. 

35 Publication No. 7 relates to a process for producing an aqueous suspension of alumina in the form of ultraf ine boe- 
hmite by treating alumina obtained by rapid heating dehydration of aluminum hydroxide with a monobasic acid and 
another chemical agent. In this process, synthesis is carried out with stirring under the conditions of an anionic ion/alu- 
mina molar ratio of not more than 6 and a temperature of 1 20 to 225 °C in the presence of an acid and a salt each hav- 
ing a pH value of not more than 9. As can be seen from the description in the specification and Figs. 2 to 5, an aqueous 

40 suspension of ultrafine boehmite in the form of flakes or bunches is obtained in this process. In spite of the sol state, 
the ultrafine boehmite in the form of flakes or bunches has a large particle diameter and is precipitable. Moreover, it has 
great resistance to filtration and a low light transmittance, and is opaque or cloudy. When an alumina forming product 
is produced from the flaky boehmite, the forming product has a defect of a small pore volume of pores having a pre- 
ferred pore diameter. On the other hand, the bunchy boehmite produces a forming product having a broad pore distri- 

45 bution wherein various pores from micropores to macropores are present and showing low strength because of 
presence of the macropores, similarly to the bunchy alumina sol described in the aforesaid Publication No. 4. Thus, con- 
ditions for synthesizing boehmite suitable for alumina adsorbent, alumina carrier or hydrogenation catalyst are not fixed 
in Publication No. 7. Publication No. 8 has such a problem that starting alumina having a mean particle diameter of 0.4 
to 0.6 nm is necessary and adjustment of the starting material needs great equipment. 

so The alumina forming products obtained by hydrolysis of aluminum salts or aluminates are widely used, for example, 
as hydrogenation catalysts for petroleum refining, but they have the following qualitative and productive problems. 

An important qualitative problem of the hydrogenation catalysts produced by hydrolysis of aluminum salts is low 
strength. In order to precipitate aluminum hydroxide by neutralization reaction of an acid and alkali, the reaction must 
be carried out at a higher rate than the rate at which the boehmite crystal lattice is arranged in order and which is inher- 

55 ent in boehmite. Under such conditions, however, obtainable are only (1) disordered crystal lattice containing a large 
amount of water of crystallization, (2) short fibers and (3) secondary particles (agglomerates) in which fibers of primary 
particles are agglomerated. These basic particles have low strength, and drying shrinkage of the forming product is 
large owing to the particle form of the boehmite. As a result, fine cracks are produced in the drying stage, whereby the 
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strength is lowered. Basically, the conditions of pH value and the temperature in the neutralization reaction in the hydrol- 
ysis method are those for the precipitation of gibbsite or bayerite. Therefore, under the reaction conditions suitable for 
a slow growth rate that is necessary for arranging the boehmite crystal lattice in order, gibbsite or bayerite is produced. 
That is, satisfactory reaction time conditions matching with the crystal growth rate inherent in the boehmite crystal can- 
5 not be determined. 

For the above reasons, the aluminum salt hydrolysis method has such a problem that monodispersible boehmite 
comprising long fibers and having orderly crystal lattice cannot be obtained. 

The hydrolysis method has other problems about its process, for example, problems of high costs and environment 
accompanied by washing of a salt as a byproduct and problems of oversized equipment and plural Stages accompa- 
10 nied by synthesis of a dilute product. As described in Publications No. 10 and No. 11, the process to obtain a forming 
product of boehmite produced by hydrolysis of aluminum salt comprises a step of preparing an aluminum salt aqueous 
solution, a step of hydrolysis by neutralization and a step of removing a salt as a by-product by washing with ion- 
exchange water, and further comprises additional plural steps of spray drying, pulverization, sieving and water content 
adjustment, prior to the extruding step, because the washed filter cake has a low alumina concentration. Thus, the proo- 
fs ess is very complicated and lacks productivity. 

To improve insufficient strength of the hydrogenation catalysts, a method of using an alumina sol obtained by the 
aforesaid aluminum alkoxide method or metallic aluminum method has been hitherto proposed as a substitution of the 
aluminum salt hydrolysis method. In the method, however, it is impossible to form a suitable pore structure, or if possi- 
ble, there reside other problems of cost and quality. Also in case of alumina obtained by the use of an alumina starting 
20 material having p- and x-crystal structures, that is described in the above publications, it is impossible to form a suitable 
pore structure, or if possible, there reside other qualitative problems. 

It is necessary to obtain boehmite primary particles which are so designed that they are capable of providing alu- 
mina adsorbent, alumina carrier or hydrogenation catalysts showing high strength with keeping a preferred pore volume 
and a sharp pore distribution, and to establish a process for synthesizing them. 
25 It is known that the pore distribution of the catalyst carrier has close relation to catalytic activity, selectivity and life. 
Particularly in case of a hydrogenation catalyst for heavy oil, blocking of pores caused by diffusion of asphaltene in the 
heavy oil into pores causes deactivation of the catalyst. Therefore, there is desired a catalyst having a macropore-free 
pore structure, a moderately large pore volume, a small number of micropores for the purpose of decreasing decompo- 
sition activity, and a moderate specific surface area for the purpose of maintaining high activity and high mechanical 
30 strength. This proposes a basic subject of alumina material for constituting alumina adsorbent, alumina carrier or hydro- 
genation catalyst. 

In order to allow an alumina carrier to have a large specific surface area, the alumina carrier should be made from 
boehmite having a small particle diameter, because the specific surface area depends on the outside surface area of 
the basic particles. It is a premise of a large pore volume that the alumina carrier is composed of a fibrous (or needle- 

35 like) material having a three-dimensional network. In order to allow an alumina carrier to have a sharp pore distribution, 
it is essential that the alumina carrier is constituted of primary particles monodispersed. Secondary particles (agglom- 
erates) are unfavorable, because micropores are produced in the agglomerates and macropores are produced between 
the agglomerates. For obtaining an alumina forming product having high mechanical strength, it is desired that the 
inside structure of the crystal lattice of the primary particles is in order. For preventing cracks, it is desired that fibers 

40 having moderate thickness and length are monodispersed. Further, it is desired that production of macropores between 
the secondary particles (agglomerates) is depressed to the lowest, because the macropores exert great influences on 
the mechanical strength. 

DISCLOSURE OF THE INVENTION 

45 

In the present invention, alumina of p- and x-crystal structures obtained by rapid heating dehydration of aluminum 
hydroxide is used singly or in combination with alumina having higher solubility than boehmite as the alumina source, 
whereby synthesis of an alumina sol comprising the boehmite fibers having the aforesaid subject can be accomplished. 
The synthesis conditions are obtained only by optimization of a mixing ratio between alumina materials, alumina parti- 

so cle size, type of acid, alumina concentration, amount of acid added, heating temperature and heating time in the hydro- 
thermal reaction, stirring in the reaction vessel, heating operation of the reaction vessel, etc. 

As the alumina having higher solubility than boehmite, useful is alumina at least partially comprising gibbsite, bay- 
erite, nordstrandite, amorphous hydrated alumina, amorphous alumina or a commercially available calcined alumina 
such as x-alumina, y-alumina or rj-alumina. 

55 To examine properties of the synthesized alumina sol, the alumina sol was subjected to measurements of viscosity, 
amount of precipitate, filtration property using filter paper and light transmittance, X-ray diffraction and observation by 
an electron microscope. The alumina sol was formed into an alumina forming product, and the forming product was 
subjected to measurements of BET specific surface area, pore volume of pores having a pore diameter of less than 60 
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nm, pore distribution, macropore volume and compressive crushing strength. 

As a result, it has been found that the amount of precipitate, the filtration property, the light transmittance and the 
electron microscope observation have conspicuous correlation to the pore distribution and the macropore volume. That 
is, the alumina sol having a small amount of precipitate, good filtration property and a high light transmittance contains 

5 thin boehmite fibers, is highly monodisperse, and gives a small macropore volume and a sharp pore distribution. On the 
other hand, in the alumina sol having a large amount of precipitate, poor filtration property and a low light transmittance, 
presence of boehmite particles in the form of flakes, plates, bunches or other agglomerates has been confirmed. A 
forming product obtained from this alumina sol has macropores and shows a broad pore distribution. Therefore, a pore 
structure of the alumina forming product can be estimated from the results of measurements of the amount of precipi- 

10 tate, the filtration property and the light transmittance. In particular, presence or absence of the particles of several tens 
nm can be seen from the light transmittance, and thereby correlation to a sharp pore distribution can be obtained. 

The viscosity of the alumina sol has a close relation to the viscosity formula given by the fiber length of the boehmite 
fibers observed by an electron microscope. An alumina sol comprising boehmite having a long fiber length shows a high 
viscosity, and from this alumina sol, alumina of a large pore volume can be obtained. An alumina sol comprising boeh- 

15 mite having a short fiber length shows a low viscosity, and from this alumina sol, alumina of a small pore volume can be 
obtained. 

The alumina forming product using a cloudy alumina sol having a low light transmittance tends to have a large 
macropore volume and markedly low compressive crushing strength. 

The alumina sol for constituting preferred alumina adsorbent, alumina carrier and hydrogenation catalyst is basi- 
20 cally an alumina sol wherein boehmite fibers are monodispersed, the fiber length is moderately long, and no particles 
in the form of flake, plate, bunch or other agglomerates is contained. Such alumina sol exhibits a moderate viscosity 
and a high light transmittance. 

The process for producing the alumina sol and the process for producing an alumina adsorbent, an alumina carrier 
and a hydrogenation catalyst using the alumina sol are described below. 
25 A weakly acidic chemical reagent was added to an alumina source to conduct reaction at a temperature of not 
higher than 100 °C at atmospheric pressure, and then hydrothermal treatment was carried out at a temperature of not 
lower than 100 °C under pressure. 

The chemical reagent was selected from various acids and salts, and useful examples thereof include inorganic 
monohasic acids, such as hydrogen halide acids (e.g., hydrofluoric acid, hydrochloric acid, bromic acid, iodic acid) and 
30 nitric acid; lower aliphatic monocarboxylic acids, such as formic acid, acetic acid and propionic acid; aluminum salts of 
these acids; and poly(aluminum salts), such as poly(aluminum chloride). These chemical reagents may be used singly 
or in combination. 

In contrast, sulfuric acid, phosphoric acid, oxalic acid, benzoic acid, phenol, phenoxyacetic acid, maleic acid, 
phthalic acid, citric acid, glycolic acid, malic acid, crotonic acid, sorbic acid, aluminum sulfate, phosphoric acid, ammo- 

35 nium nitrate and the like cannot produce any aqueous alumina sol even if they are added in any variation of the level of 
addition, and they produce a precipitable cloudy material. The cloudy precipitated suspended material is a gel-like pre- 
cipitate, a bulky agglomerate or a heavy precipitate, and each of them has a boehmite structure. 

If the amount of the acid or the aluminum salt added as the chemical reagent is small, boehmite in the form of flake 
or plate is obtained. If the amount thereof is large, boehmite of fine agglomerated particle is obtained. In each case, the 

40 light transmittance is low and the pore distribution of the resulting alumina forming product is unfavorable. The preferred 
amount of the acid will be described later in detail, because the amount of the acid relates to the alumina concentration. 

The apparatus and the operation to synthesize an alumina sol by hydrothermal treatment are described. There was 
found a conspicuous difference in the properties of the synthesized alumina sol between the case where stirring was 
continued after the temperature was raised and the case where stirring was terminated. The alumina sol obtained by 

45 continuation of stirring had a markedly low light transmittance, and from the electron microscope observation, the boe- 
hmite fibers were found to be in the form of bunchy agglomerates. Further, increase of macropores was observed in the 
alumina forming product. The alumina sol obtained by terminating stirring after the temperature rise had a high light 
transmittance, and from the electron microscope observation, the boehmite fibers were found to be monodispersed. 
The bunchy boehmite disclosed in Publication No. 7 seems to have been produced due to the synthesis conditions such 

so as stirring. 

In the use of a reactor of local heating system, cloudy hydrated alumina was produced and attached onto the wall 
of the reactor. In the use of a reactor externally heated by a temperature-controlled air, the reaction product was homo- 
geneous, and an alumina sol having a high light transmittance was obtained. Another external heating method using 
steam in place of air also gave satisfactory results. 
55 In the hydrothermal treatment, a reaction temperature of lower than 90 °C is unfavorable, because the reaction 
needs a long period of time, and thereby productivity is lowered. A reaction temperature of higher than 150 °C is also 
unfavorable, because the viscosity is increased during the temperature rise under the conditions of high concentration 
to form ununiform temperature distribution, and thereby a homogeneous alumina sol is hardly obtained. Besides, the 
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light transmittance is lowered, the diameter of the boehmite fibers becomes large, and the pore volume becomes small. 

Described below are results of synthesis of boehmite fibers which are obtained by the present invention and are 
suitable for alumina absorbent or catalyst preferable for solving the problems of the prior art. 

The alumina sol described in claims 1, 2 and 3 is boehmite represented by the molecular formula Al 2 0 3 - 1.05- 

5 1 .30H 2 O. The value for the water of crystallization of the ideal crystal is 1 .0, and the value of the excess H 2 0 approxi- 
mates the calculated value of OH group determined from the surface area of the boehmite fibers. Therefore, it is sug- 
gested that the amount of excess H 2 0 inside the crystals is small. The amount of the water of crystallization of 
boehmite obtained by hydrolysis method is larger by far, and it is apparent that the boehmite of the invention has a crys- 
tal structure arranged in better order than boehmite obtained by hydrolysis method. This can be seen also from the X- 

10 ray diffraction pattern. 

As the value for the water of crystallization in Al 2 0 3 becomes smaller than 1 .05, the form of boehmite is changed 
from fiber to plate thereby to make the particle diameter larger. Besides, the light transmittance is lowered and a heavy 
precipitate is apt to be present. As a result, the alumina forming product has a small specific surface area, an extremely 
small pore volume of pores having necessary diameter, a large macropore volume, a broad pore distribution and low 

15 compressive crushing strength. Therefore, such value is unfavorable. 

As the value for the water of crystallization in Al 2 0 3 becomes larger than 1 .30, the boehmite tends to be composed 
of agglomerates of fine fibers. Besides, the light transmittance is lowered and a light precipitate is apt to be present. As 
a result, the alumina forming product has an extremely small pore volume of pores having necessary diameter, a large 
macropore volume, a broad pore distribution and low compressive crushing strength. Therefore, such value is unfavo- 

20 rable. 

In the fibrous boehmite, the weight mean diameter and the weight mean fiber length are in the ranges of 3 to 50 nm 
and 500 to 10,000 nm, respectively, as described in claim 1, and such ultralong fibers can be produced by slow synthe- 
sis at a low temperature. 

As the fiber length becomes longer, the viscosity is increased, and the pore volume of the resulting alumina forming 

25 product is increased. A monodisperse sol of fibers having the above diameter and length can easily form a three-dimen- 
sional network, and the strength of the three-dimensional network is so high that the impact is scattered. Therefore, the 
fibrous boehmite has a function of preventing occurrence of cracking, can be processed onto a ceramic paper and has 
a possibility of producing a corrugated forming product having a preferred pore structure which consist of only alumina. 
The sol of boehmite described in claim 2, i.e., a sol of fibrous boehmite having a weight mean diameter of 3 to 50 

30 nm, a weight mean fiber length of 30 to 3,000 nm and an alumina concentration of 1 5 to 60 % by weight, forms a pore 
structure suitable for a catalyst such as a hydrogenation catalyst and is suitable for producing a catalyst of high strength 
and small size. The fibers of the above ranges can be synthesized at a temperature of not lower than 1 10 °C. Under the 
conditions of high temperature and high concentration, thick and short fibers are synthesized. Under the conditions of 
low temperature and low concentration, thin and long fibers are synthesized. 

35 Claim 3 relates to a process and reaction conditions to produce the above-mentioned both boehmite. The sol of the 
fibrous boehmite having a weight mean diameter of 3 to 50 nm and a weight mean fiber length of 30 to 1 0,000 has prop- 
erties of being converted to a hydrogel which forms a three-dimensional network. By the addition of alkali such as 
ammonia to keep pH at 4 to 12, the aqueous sol of boehmite forms a three-dimensional network having shrinkage 
resistance when it is dried, whereby alumina absorbent or alumina carrier having a large pore volume can be obtained. 

40 In claim 2, an alumina sol having an alumina concentration of 15 to 60 % is described. An important characteristic 
of the present invention is that the alumina sol can be synthesized in a high aluminum concentration. The viscosity of 
the reactant is low at first, but the viscosity is increased after the reaction is initiated, and finally stirring becomes difficult 
or impossible. Specifically, in the operation of temperature rising at the beginning of the synthesis viscosity is increased, 
and in case of a high concentration of not less than 15 %, precipitation of the starting alumina is restrained by the vis- 

45 cosity increase. Therefore, the stirring can be stopped in the early stage. On the other hand, in case of a low concen- 
tration of less than 15 %, the viscosity increase needs a long period of time, and stirring needs a long period of time to 
restrain precipitation of the starting alumina. As a result, the type of reactor and the stirring operation are strictly limited. 
Further, an evil of the stirring for a long period of time is that bunchy agglomerates of boehmite are produced to cause 
lowering of quality. 

so Under the conditions of a high alumina concentration of not less than 60 %, a mixture of the starting materials lacks 
flowability, and it becomes difficult to perform uniform mixing in the mixing step or to perform necessary stirring in the 
step of temperature rise. Besides the reaction product is a cloudy agglomerate which is not dispersed in water. That is, 
no alumina sol is produced. Therefore, such high concentration is unfavorable. 

In order to maintain a uniform temperature without stirring, hydrothermal reaction is carried out using a special 

55 reactor, whereby a high-concentration alumina sol can be synthesized. Consequently, the alumina sol can be directly 
fed to the forming step without any special operation for adjusting the concentration. Therefore, an extrusion forming 
product can be produced through a simple process. Further, since a plastic material comprising a high-concentration 
alumina sol can be obtained, the problems of the conventional forming products of honeycomb structure, such as mold- 
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ability, cracks by shrinkage in the step of drying, strength and pore structure, can be solved. 

The reaction mechanism of producing an alumina sol from starting alumina is as follows. An acid region to extend 
the a axis of boehmite crystal is selected; starting alumina having higher solubility than boehmite is selected; and the 
starting alumina is subjected to hydrothermal treatment to increase solubility and dissolution rate, whereby formation of 

5 boehmite nucleus and growth thereof are conducted. Various tests are carried out to determine chemical materials 
capable of synthesizing the alumina sol and to determine the level of addition. Though alumina sols or cloudy suspen- 
sions are obtained by the use of various acids and salts, useful ones are selected therefrom. As a result, there are 
selected inorganic monobasic acids, such as hydrogen halide acids (e.g., hydrofluoric acid, hydrochloric acid, bromic 
acid, iodic acid) and nitric acid; lower aliphatic monocarboxylic acids, such as formic acid, acetic acid and propionic 

10 acid; aluminum salts of these acids; and poly(aluminum salts), such as poly(aluminum chloride). 

The chemical reagents useful for converting the starting alumina to an alumina sol are inorganic monobasic acids, 
lower aliphatic monocarboxylic acids and aluminum salts thereof. From among them, useful acids and alumina salts 
were specifically selected, and proper ratios thereof to the alumina were determined. As a result, it has been found that 
the proper addition level varies under the conditions of different alumina concentrations and that the proper value is a 

is variable of the alumina concentration and the acid type, independent of the particle size of alumina exhibiting p- and %- 
crystal structures, mixing ratio between the alumina exhibiting p- and %-crystal structures and alumina having a higher 
solubility than boehmite, and heating temperature and time of the hydrothermal treatment. 

An experimental formula to calculate the amount of an acid for obtaining a preferred alumina sol was sought, 
though the amount of the acid stepwise varied correspondingly to various concentrations. As a result, when the molar 

20 ratio between starting alumina, an acid and water is represented by the formula aAI203 • bH A • cH20 described in 
claim 3, a, b and c satisfy the following relation: 

k = (b/a) • (b/c). 

25 In case of inorganic monobasic acids such as hydrofluoric acid, hydrochloric acid, bromic acid, iodic acid and nitric 
acid and acids formed by dissociation of their aluminum salts, it is necessary to adjust the starting materials so that a 
mixture thereof has a k value of 0.0001 to 0.01, preferably 0.0005 to 0.005. 

In case of lower aliphatic monocarboxylic acids such as formic acid, acetic acid and propionic acid and acids 
formed by dissociation of their aluminum salts, it is necessary to adjust the starting materials so that a mixture thereof 

30 has a k value of 0.002 to 0.2, preferably 0.005 to 0.05. 

By setting the k value high or low, alumina sols having different properties can be obtained. The pore structure of 
an alumina forming product obtained from the alumina sol can be controlled, that is, the pore volume of pores having a 
pore diameter of less than 60 nm and the macropore volume of pores having a pore diameter of not less than 60 nm 
can be controlled, whereby there can be obtained an alumina forming product having a sharp pore distribution, an alu- 

35 mina forming product having a broad pore distribution and an alumina forming product of bimodal type having two 
peaks of distribution in a micropore region and a macropore region. 

The alumina adsorbent obtained from an alumina sol having a high light transmittance has a large specific surface 
area, a large pore volume of pores having a pore diameter of less than 60 nm and a sharp pore distribution. The pore 
distribution is varied by various factors other than the k value, such as mixing ratio of the starting alumina materials, alu- 

40 mina concentration, temperature of hydrothermal treatment and type of an acid, and preparation conditions to change 
values of the micropore volume of pores having a pore diameter of less than 60 nm, mean pore diameter, sharpness of 
pore distribution and bimodal type can be obtained. Therefore, different needs for various pore structures of the hydro- 
genation catalysts used in the petroleum refining industry can be satisfied. 

As a result of studies on various starting alumina materials, aluminum trihydrate crystals such as gibbsite, bayerite, 

45 nordstrandite are employable as the alumina sources in the process of the invention. These aluminum trihydrates are 
obtained by vacuum heating dehydration or high-temperature rapid dehydration, and they are each alumina generally 
having a specific surface area of 200 to 400 m 2 /g, partially having rehydration properties and exhibiting p- and %-crystal 
structures. The other starting alumina to be mixed with the above alumina is one having higher solubility in water than 
the boehmite produced. Specifically, there can be employed alumina at least partially comprising gibbsite, bayerite, nor- 

so dstrandite, amorphous hydrated alumina, amorphous alumina or commercially available calcined alumina such as %• 
alumina, y-alumina or r|-alumina. 

Though alumina forming products or alumina carriers having a large pore volume have been hitherto provided only 
by hydrolysis of aluminum compound, the present invention can provide a simple process wherein such products can 
be produced at low costs and with a small amount of wash drain, by the use of alumina exhibiting p- and %-crystal struc- 

55 tures, gibbsite (and/or calcined alumina) and a small amount of an acid as main starting materials. 

The process for producing an alumina sol described in claim 8 relates to an apparatus and an operation of the 
hydrothermal reaction. In this process, either stirring hardly accompanied by substantial shearing, no stirring or a com- 
bination thereof is performed throughout the process except during the period of heating up and the initial period of 
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reaction. Examples of the reactors and the stirring apparatuses effectively used include a reactor equipped with a pad- 
dle stirrer, a rotary type reactor, a shaking type reactor, circulation of reactants, a bubble stirring type reactor and stirring 
with steam blowing. The heating temperature is maintained by the use of a temperature-controlled heating medium set 
apart from the reactants by a reactor wall. Examples of the heating media include air, warm or hot water, steam and an 

5 organic heating medium. By the adoption of such heating system, qualitative effects such as high monodispersibility are 
exerted and high-concentration synthesis can be performed. 

The alumina sol comprising the fibrous boehmite is heated at a temperature of 70 to 250 °C to concentrate or dry 
it, whereby solid xerogel boehmite having such properties that it is partially or almost wholly redispersed reversibly in 
water or in a polar organic compound can be easily produced. The typical thermal behavior of the aqueous sol boehmite 

10 is that a part of an acid and water in the mother liquor first evaporate under heating and the aqueous sol completely 
becomes solid when the alumina concentration is not less than 60 %. At 1 10 °C, the alumina concentration is 80 %; at 
250 °C, the adsorbed acid and water slowly evaporate and the alumina concentration becomes 82 %; and within the 
temperature range up to 450 °C, dehydration of water of crystallization takes place to transform the crystal to y-alumina. 
The solid xerogel boehmite obtained by drying at a low temperature is redispersed in water or a polar organic mate- 

15 rial and reversibly returns to an aqueous alumina sol. However, with increase of the drying temperature, the xerogel 
boehmite hardly returns to the alumina sol. 

In the sol obtained by redispersing the thus dried solid xerogel boehmite, the amount of the acid during the reaction 
is not always optimum for stabilization of the sol, and therefore drying of the sol to remove the excess acid is preferably 
carried out from the viewpoints of stabilization and viscosity. 

20 Claim 9 relates to a process for producing an alumina forming product, particularly an alumina absorbent, an alu- 
mina carrier or a catalyst. In this process, either the alumina sol described in claim 1 or 2, the alumina sol obtained by 
the process described in any one of claims 3 to 8, or xerogel alumina obtained from any of the alumina sols is formed 
into a product in the form of micro sphere, bead, cylinder, modified cross-section bar, pipe, sheet, wavy sheet, honey- 
comb or corrugated sheet, and the forming product is subjected to heat treatment. 

25 The alumina sol suitable for the catalysts can be synthesized by varying the molar ratio between the acid, alumina 
and water. In order to produce an alumina carrier for catalyst, for which presence of macropores is unfavorable, the k 
value is in the range of about 0.001 to 0.02 provided that nitric acid is used as the acid, and it is in the range of about 
0.01 to 0.02 provided that acetic acid is used as the acid. In order to produce a bimodal type alumina carrier for catalyst, 
the k value is changed depending on the necessary pore volume of macropores. In this case, the k value is preferably 

30 0.0005 or 0.005 provided that nitric acid is used as the acid, and it is preferably 0.005 or 0.05 provided that acetic acid 
is used as the acid. 

The alumina sol of the invention is highly monodisperse and has fibrous properties. Accordingly it has a excellent 
moldability such as a low extrusion pressure, plasticity, green strength and no cracks caused by shrinkage in the drying. 
It is thought that the strength of the forming product is remarkably improved by virtue of the synergetic effect of the 

35 excellent moldability and the basic strength of the boehmite crystal lattice free from excess H 2 0 inside the crystal. Fur- 
ther, it is thought that the merit that the plastic material to be extrusion formed can be directly used without varying its 
alumina concentration contributes to stability of the strength of the forming product and to productivity thereof. A part of 
or all of the reversibly water-redispersible alumina can be redispersed in water and then formed. 

To form a three-dimensional network, there are three methods conducted before or after the forming process. In the 

40 first method, the sol is made neutral or weakly basic by an alkali material such as ammonia water and thereby converted 
to a hydrogel having a three-dimensional network, followed by forming the hydrogel. The forming of the hydrogel is sim- 
ilar to that in the hydrolysis process. 

In the second method, the weakly acidic reaction product taken out of the reactor is directly fed to an extruder, and 
the fibrous boehmite in the monodispersed state is orientated lengthwise by a forming die, followed by forming. 

45 In the third method, the forming product whose fibrous boehmite is orientated, that is obtained by the second 
method, is contacted with an alkali material such as ammonia gas to make it neutral or weakly basic and thereby con- 
verted to a hydrogel having a three-dimensional network of different structure. 

The alumina forming product obtained by each of the second and third methods had high mechanical strength. In 
particular, the alumina forming product obtained by the third method had a large pore volume, similarly to the alumina 

so forming product obtained by the first method. In the third method, the weakly acidic reaction product showing plasticity 
even in a high concentration is formed and then contacted with ammonia gas or the like to convert it to a hydrogel hav- 
ing a three-dimensional network, so that shrinkage caused by drying can be reduced. Accordingly, this method is favo- 
rable for producing an elaborate and large forming product. 

The alumina supported catalyst described in claim 10 has a preferred pore volume and high mechanical strength, 

55 and is particularly preferable as a hydrogenation catalyst. The hydrogenation catalyst is obtained by forming the alu- 
mina sol of claim 2 by the third method described in claim 9, drying and calcining the forming product, then washing it 
to remove a slight amount of alumina, and allowing it to support thereon a metal atom of Group 5A, Group 6A or Group 
8 of the periodic table. This hydrogenation catalyst has a sufficiently large pore volume and a high mechanical crushing 
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strength. The mean pore diameter of the alumina of the invention can be varied in a wide range of 8 to 25 nm, with keep- 
ing a sharp pore distribution. In various hydrogenation catalysts, various phenomena such as diffusion of asphaltene 
into the catalysts, blocking of pores caused by deposition of nickel or vanadium, and production of carbon caused by 
overdecomposition of heavy hydrocarbon depend on their pore diameters. Therefore, the demetalization catalyst in the 

5 former stage and the desulfurization catalyst or the denitrif ication catalyst in the latter stage require the catalyst having 
different pore distributions. By the use of various alumina sols of the present invention, catalysts having various pore 
distributions are available. The alumina supported catalyst of the invention is favorably used as a carrier for a reforming 
catalyst or a coal type hydrocarbon hydrogenation catalyst. 

Since a hydrogenation catalyst having high mechanical crushing strength and a favorable pore structure can be 

10 obtained, the problem of occurrence of channeling in the reactors for hydrogenation can be solved, and thereby 
improvement of the reaction activity and prolongation of the running time can be expected. 



BRIEF DESCRIPTION OF THE DRAWINGS 



15 Fig. 1 shows an amount of nitric acid added and a light transmittance of the resulting sol. 

Fig. 2 shows an amount of acetic acid added and a light transmittance of the resulting sol. 
Fig. 3 shows an amount of acetic acid added and a light transmittance of the resulting sol in the case where mixed 
alumina is used. 

Fig. 4 shows a relation between an alumina/acid/water molar ratio and an optimum light transmittance. 
20 Fig. 5 is a transmission electron photomicrograph of a synthetic alumina sol of Example 1 in 42,000 magnifications 
Fig. 6 shows a pore distribution curve of alumina. 
Fig. 7 shows a pore distribution curve of a hydrogenation catalyst. 



BEST MODE FOR CARRYING OUT THE INVENTION 

25 

Alumina obtained by rapid dehydration of aluminum hydroxide and having rehydration properties and p- and %-crys- 
tal structures was mixed with gibbsite and/or alumina obtained by calcining gibbsite at a temperature of several hun- 
dreds degrees centigrade (generally called "calcined alumina") in an amount of 0 to 95 % in terms of oxide. To the 
mixture was added a monobasic acid or its aluminum salt in a slight amount (several percents to several tens percents 

30 of 1 mol of the starting alumina), and the resulting mixture was subjected to hydrothermal treatment in the presence of 
water to convert the mixture to an alumina sol. The alumina used above had a mean particle diameter of point several 
|im to several tens |mm. In the alumina, a slight amount of Na 2 0 was contained, so that washing of the forming product 
in the later stage was useful. 

The crystal form of the obtained fibrous boehmite was examined by X-ray diffractometry. The amount of water of 

35 crystallization was determined from the constant weight of a dry product obtained by drying at 1 1 0 °C after washing for 
neutralization and the ignition loss at 1 ,000 °C 

When the k value is small, the molecular formula becomes AI2O3 • 1 .05-1.10H 2 O. When the k value is large, the 
molecular formula becomes AI 2 O s • 1 .20-1 .30H 2 O. The fibrous boehmite with a preferred k value had a molecular for- 
mula Al 2 0 3 •1.10-1 .20H 2 O. The amount of water of crystallization had a close correlation to the k value, but the type of 

40 an acid, the alumina concentration and the temperature or the time of the hydrothermal treatment hardly influenced the 
k value. The measured value of the water of crystallization of the obtained fibrous boehmite was almost identical with a 
value obtained by adding a theoretical value 1 .0 of the complete crystal to the number of OH groups on the fiber sur- 
faces calculated based on the area of each crystal face. 

The particle diameter of the fibrous boehmite was determined by the electron microscope observation and the spe- 

45 cific surface area, and the fiber length was determined by the limiting viscosity and the electron microscope observa- 
tion. The factors to control the weight mean diameter and the weight mean fiber length of the boehmite fibers to be 3 to 
30 jam and 30 to 10,000 juim, respectively, were as follows. In the low-temperature reaction, the diameter becomes small 
and the fiber length becomes long. In the high-temperature reaction, the diameter becomes large and the fiber length 
becomes short. As for the influences of the alumina concentration, if the alumina concentration was low, the fiber length 

50 becomes long. If the alumina concentration was high, the fiber length becomes short. As for the mixing ratio between 
the alumina exhibiting p- and x-crystal structures, gibbsite and the calcined alumina, if the amount of the alumina exhib- 
iting p- and x-crystal structures is large, the diameter becomes small and the fiber length-becomes long. If the amount 
of the alumina exhibiting p- and x-crystal structures is small, the diameter becomes large and the fiber length becomes 
short. The electron microscope observation resulted in that the fibrous boehmite particles show high monodispersibility. 

55 As for the apparatus and the operation to synthesize the alumina sol by hydrothermal treatment, it was necessary 
to restrain precipitation of the starting alumina powder in the early step of the reaction and to perform stirring for the 
purpose of uniform temperature rise. A reactor equipped with a paddle agitator and a rotary type reactor were used. 
The viscosity of the reactant was low at first, then increased during the temperature rise, and became high in the early 
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step of the reaction after the temperature rise. When the concentration was high, use of the paddle agitator was entirely 
impossible, and the stirring was stopped. Without stirring, the temperature of the system was uniformly maintained by 
a temperature-controlled heating medium such as air, steam or warm water through the reactor wall. In case of the 
reaction product locally having temperature difference in the reactor, a preferred alumina sol was not obtained, because 

5 migration of volatile components took place in the reaction product. 

Under the conditions of a low concentration of 10 %, continuous stirring was able to be conducted. The alumina sol 
obtained with stirring was compared with the alumina sol obtained without stirring. As a result, the aqueous sol boeh- 
mite fibers obtained by continuously stirring for a long period of time were cloudy and had a low light transmittance. 
Moreover, bunchy agglomerates of fibers were observed by the electron microscope. Therefore, in the production of 

10 monodispersed fibrous boehmite that is an object of the invention, continuous stirring was unfavorable for the quality. 

Figs. 1 to 3 show results of measurements of light transmittance in the case where nitric acid or acetic acid was 
used and the additional ratio of the acid to the alumina was varied. Fig. 1 shows results of the measurement in the case 
where 100 % of alumina exhibiting p- and x-crystal structures and nitric acid were used. In Fig. 1 , the number of moles 
of the nitric acid based on 1 mol of the alumina is plotted as abscissa and the light transmittance at a visible light of 570 

15 nm as ordinate. The synthesis reaction was carried out in alumina concentrations of 5 %, 10 %, 20 %, 30 %, 40 %, 50 
% and 56 % and at a different hydrothermal treatment temperature of from 1 15 °C to 1 50 °C. The fibrous boehmite hav- 
ing a high light transmittance had a small diameter and high monodispersibility. The boehmite having a low light trans- 
mittance on the right side of each curve had agglomerates of fibers. The boehmite having a low light transmittance on 
the left side of each curve was in the form of flake or plate and had a large diameter. In order to obtain preferred fibrous 

20 boehmite, the amount of nitric acid was large when the alumina concentration was low, and the amount thereof was 
small when the alumina concentration was high. 

Fig. 2 shows results of the synthesis reaction wherein acetic acid was used, the alumina concentration was varied 
in the range of 5 % to 56 % similarly to Fig. 1 , and the hydrothermal treatment temperature was varied in the range of 
1 15 °C to 135 °C. Similarly to the case of using the nitric acid, in order to obtain an alumina sol having a high light trans- 

25 mittance, the amount of acetic acid was large when the alumina concentration was low, and the amount thereof was 
small when the alumina concentration was high. However, the number of moles of the acetic acid based on 1 mol of the 
alumina was larger than that of the nitric acid. 

Fig. 3 shows light transmittance of fibrous boehmite obtained by the synthesis reaction wherein alumina exhibiting 
p- and x-crystal structures and gibbsite were mixed in equimolar amounts, the alumina concentration was 30 % or 40 

30 %, and the hydrothermal treatment temperature was 150 °C. The number of moles of the acetic acid based on 1 mol of 
the alumina to obtain an aqueous alumina sol of a high light transmittance was the same as that in the case of an alu- 
mina concentration of 30 % or 40 % in Fig. 2. 

As can be seen from the results shown in Figs. 1 to 3, the preferred aqueous sol boehmite fibers have a correlation 
to not only the acid/alumina molar ratio (b/a) but also the acid concentration. The acid concentration is expressed in an 

35 acid/water molar ratio (b/c), and the highest values of the light transmittance curves in Figs. 1 to 3 were plotted to obtain 
Fig. 4. In Fig. 4, the acid/alumina molar ratio (b/a) is plotted as abscissa and the acid/water molar ratio (b/c) as ordinate 
by log -log graph. 

When the nitric acid was used, the highest values of the light transmittance curves of 1 % dilute sol of the synthe- 
sized products obtained in alumina concentrations of 5 %, 10 %, 20 %, 30 %, 40 %, 50 % and 56 % corresponded to 

40 nitric acid/alumina molar ratios of 0.4, 0.3, 0.2, 0.15, 0.1 1 , 0.09 and 0.08, respectively, and the acid/water molar ratios 
calculated therefrom were 0.0038, 0.0060, 0.0091, 0.012, 0.014, 0.017 and 0.019, respectively. When the acetic acid 
was used, the highest values of the light transmittance curves of 1 % dilute sol of the synthesized products obtained in 
an alumina concentrations of 5 %, 1 0 %, 20 %, 30 %, 40 %, 50 % and 56 % corresponded to acetic acid/alumina molar 
ratios of 1.3, 0.8, 0.6, 0.4, 0.3, 0.25 and 0.23, respectively, and the acid/water molar ratios calculated therefrom were 

45 0.0038, 0.0060, 0.0091 , 0.012, 0.014, 0.017 and 0.019, respectively. These values were plotted to obtain a straight line 
inclining from upper left to lower right and having an inclination angle of 45° as shown in Fig. 4. The straight line means 
that the product of the acid/alumina molar ratio plotted as abscissa and the acid/water molar ratio plotted as ordinate is 
a constant value. This constant value was 0.0015 in case of the nitric acid, and it was 0.015 in case of the acetic acid. 
Accordingly, it has become apparent that a preferred alumina sol having a high light transmittance can be obtained 

so by determining mixing conditions about the amounts of alumina, an acid and water using the product in the synthesis 
of an alumina sol. 

A formula to calculate the optimum amount of an acid for obtaining a preferred aqueous sol boehmite fibers in each 
concentration was sought from Fig. 4. When the chemical composition is represented by aAI 2 0 3 • bHA • cH 2 0 
described in claim 3, a, b and c satisfy the following relation: 

55 

k = (b/a) • (b/c), orb 2 =k-a-c. 
The k value is a value inherent in an acid. When the acid was an inorganic monobasic acid such as hydrofluoric 
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acid, hydrochloric acid, bromic acid, iodic acid or nitric acid, or an acid produced by dissociation of its aluminum salt, 
the k value was in the range of 0.0001 to 0.01 , preferably 0.0005 to 0.005. When the acid was a lower aliphatic mono- 
carboxylic acid such as formic acid, acetic acid or propionic acid, or an acid produced by dissociation of its aluminum 
salt, the k value was in the range of 0.002 to 0.2, preferably 0.005 to 0.05. There was no clear difference in the k value 

5 between the hydrochloric acid and the nitric acid, both being inorganic monobasic acids. There was a slight difference 
between the formic acid, the acetic acid and the propionic acid, all being lower aliphatic acids. About the magnitude of 
the k value, the order was formic acid < acetic acid < propionic acid. It has become apparent that the k value can be 
used as a calculation indication to obtain a preferred alumina sol, no matter how the alumina concentration is, and that 
the k value is a variable of the alumina concentration in the preparation and the type of an acid, independent of particle 

10 size of alumina exhibiting p- and x-crystal structures, mixing ratio between the starting alumina materials, and temper- 
ature or time of the hydrothermal treatment. 

With decrease of the k value, the light transmittance of the resulting aqueous sol was lowered, the form of the pro- 
duced boehmite tended to be varied from fiber to flake or plate, and the amount of water of crystallization was 
decreased. With increase of the k value, the light transmittance of the resulting aqueous sol was lowered, the produced 

is boehmite tended to be in the form of agglomerates of short fibers, and the amount of water of crystallization was 
increased. When the k value was further decreased or increased, the k value fell out of the production region of an 
aqueous alumina sol, and the amount of a precipitable suspended material having the same boehmite structure 
became large, so that a boundary between the region designated by the invention and the precipitable suspended 
material region was able to be defined. 

20 By optionally selecting a mixing ratio between the starting alumina materials, an alumina concentration and a tem- 
perature or time of the hydrothermal treatment under the preferred conditions of the k value, the diameter and the fiber 
length of the boehmite fibers were able to be relatively freely varied, but the pore structure of the resulting alumina form- 
ing product depended on the diameter and the fiber length of the boehmite fibers in the alumina sol used. That is, short 
fibers gave a small pore volume, long fibers gave a large pore volume, thin fibers gave a large specific surface area, 

25 and thick fibers gave a small specific surface area. The fibrous boehmite having a high light transmittance gave a sharp 
pore distribution. The fibrous boehmite slightly agglomerated gave a bimodal type pore structure. The fibrous boehmite 
greatly agglomerated gave a small micropore volume of pores having a pore diameter of less than 60 nm, a large 
macropore volume of pores having a pore diameter of not less than 60 nm, and a low strength. 

The alumina forming product obtained from fibrous boehmite having a fiber length of 50 to 100 nm was on a low 

30 level in the pore volume of pores having a pore diameter of less than 60 nm. The alumina forming product obtained from 
fibrous boehmite having a fiber length of 100 to 500 nm was on a middle level in the pore volume, namely, it had a 
weight mean pore volume of 0.6 ml/g to 0.8 ml/g. The alumina forming product obtained from fibrous boehmite having 
a fiber length of not shorter than 500 nm had a large pore volume. In order to obtain a large pore volume and a sharp 
pore distribution, it was preferable to conduct hydrothermal treatment at a low temperature of lower than 120 °C. 

35 When the k value was small or large, a precipitable suspended material having a low light transmittance was pro- 
duced, and the suspended material was composed of crystalline ultrafine particles. The forming product obtained from 
the ultrafine crystal agglomerates had such a pore structure that the micropore volume of pores having a pore diameter 
of less than 60 nm was small and the macropore volume of pores having a pore diameter of not less than 60 nm was 
large. Moreover, the mechanical strength of the forming product was low. Therefore, such forming product was unsuit- 

40 able as an adsorbent or a catalyst carrier. 

When alumina exhibiting p- and %-crystal structures was used singly as the starting alumina, the diameter of the 
boehmite fibers in the aqueous sol tended to be small, the fiber length thereof tended to be long, and the mean pore 
diameter became small. In contrast, with increase of the amount of gibbsite or calcined alumina, the diameter of the 
boehmite fibers in the aqueous sol became large, and the specific surface area of the resulting alumina forming product 

45 became small. 

It was possible that the alumina sol synthesized by the process of the invention was dried at 1 10 °C to solidify it and 
the resulting solid was pulverized in a mortar and dispersed again in water or a polar organic material. The alumina sol 
obtained by redispersing had a viscosity lower than that of the alumina sol before dried, and it was almost free from vis- 
cosity change with time. Besides, it showed a slightly higher light transmittance. However, with increase of the drying 
so temperature, the light transmittance after dispersing in an acid was lowered, the amount of the precipitate was 
increased, and the reversible redispersibility was lowered. In the forming product obtained by varying the drying tem- 
perature to 150 - 200 °C, the macropore volume was increased, and a bimodal type pore structure was obtained. 
Next, the forming process is described. 

The alumina sol obtained by the hydrothermal reaction or the aqueous sol obtained by dispersing reversibly redis- 
55 persible xerogel alumina in water are each a weakly acidic sol having a pH value of 3 to 4. Examination of a relation 
between the pH value and the viscosity resulted in that the viscosity abruptly increased when the pH value was in the 
range of 4 to 8, and when the pH value was not less than 8, all sols were converted to hydrogels. Under the conditions 
of a small boehmite fiber diameter, a long boehmite fiber length and a high concentration, the viscosity was increased 
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on the low pH side. Under the conditions of a large boehmite fiber diameter, a short boehmite fiber length and a low 
concentration, the viscosity was increased on the high pH side. When the pH value was not less than 8, all of sols and 
sol-like materials had such properties that they were converted to hydrogels, and a three-dimensional network was able 
to be formed by adding ammonia water to the sols and thereby increasing the pH value. The hydrogels thus obtained 
5 were analogous to a hydrogel produced for comparison by the hydrolysis method in appearance and color not but in 
plasticity. 

As the chemical reagents to increase the pH value of the weakly acidic sol or sol-like material to 4 to 11 , not only 
ammonia but also ammonium carbonate, caustic soda and sodium carbonate were available, provided that they were 
capable of being removed by washing in the later step. 
10 Then, properties of the alumina forming products were compared. 

The following three forming processes were conducted. 

In the first forming process, the alumina sol was made weakly basic by the use of ammonia water and then formed 
into an alumina forming product. 

In the second forming process, the weakly acidic alumina sol was per se formed into an alumina forming product. 
15 In the third forming process, the weakly acidic alumina sol was per se formed into an alumina forming product and 
the forming product was then contacted with ammonia gas. 

The alumina forming products obtained by the above three processes were dried, then calcined at 560 °C for 2 
hours, and measured on the pore structure and compressive crushing strength. As a result, the forming products of the 
first and the third processes were larger in the pore volume of pores having a pore diameter of less than 60 nm than the 
20 forming product of the second process by about 0 to 20 %. About the crushing strength of the forming product, the order 
was the second process > the third process > the first process. The reason is presumably that the fibrous boehmite is 
orientated lengthwise along the flow at the nozzle position of the extruder to form a coordination structure having resist- 
ance to compressive crush. 

The conditions suitable for synthesizing an alumina sol useful for a hydrogenation catalyst for petroleum refining 
25 were an alumina concentration of 35 to 45 % and a hydrothermal treatment temperature of 1 1 0 to 1 20 °C. The alumina 
sol synthesized under these conditions proved to have plasticity, low extrusion pressure and extrusible concentration of 
relatively wide range. The green extrusion forming product had sufficient green strength. 

The green extrusion forming product was contacted with ammonia gas for several hours and then dried. During the 
drying, no cracking occurred. The product was then heat treated at a temperature of 550 to 600 °C to obtain a forming 
30 product of y-alumina. The forming product was washed with a dilute acid to remove Na 2 0 slightly contained in the prod- 
uct, dried again, then impregnated with an aqueous solution of a salt of molybdenum or tungsten of Group 6 A or nickel 
of cobalt of Group 8 of the periodic table, dried again and calcined, to obtain a hydrogenation catalyst. The catalyst thus 
obtained had such a pore structure that the pore volume of pores having a pore diameter of less than 60 nm was large, 
the macropore volume of pores having a pore diameter of not less than 60 nm was small, the mean pore diameter was 
35 about 10 nm, and the pore distribution was sharp. This catalyst proved to have sufficiently high compressive crushing 
strength and to be almost free from fragment or powder arised by the abrasion test. 
The present invention is further described with reference to the following examples. 

Example 1 

40 

To 1 ,016 ml of ion-exchanged water, 56 g of acetic acid was added, and then 128 g of alumina containing 94 % of 
Al 2 0 3 (mean particle diameter: 12 jxm), having rehydration properties and exhibiting p- and x-crystal structures was 
added to prepare a reactant. The reactant had an alumina concentration of 10 %, an acid/alumina molar ratio (b/a) of 
0.80, an acid/water molar ratio (b/c) of 0.0165 and a k value of 0.0132. The reactant was charged to a rotary type auto- 

45 clave placed in a temperature-controlled air bath, and was subjected to hydrothermal treatment at 98 °C for 360 hours 
and then at 125 °C for 48 hours, with rotating the autoclave. As a result, a semitransparent alumina sol was produced. 
The measurement of light transmittance of the alumina sol, which was diluted with ion-exchanged water to have a con- 
centration of 1 %, at 570 nm resulted in 78 %. The semitransparent alumina sol was observed by a transmission elec- 
tron microscope, and the result is shown in Fig. 5. Fig. 5 is a transmission electron photomicrograph of 42,000 

so magnifications. Further, the amount of water of crystallization was measured. As a result, the reaction product was 
fibrous boehmite having a molecular formula Al 2 0 3 • 1 . 1 8H 2 0, a weight mean diameter of 4 nm and a weight mean fiber 
length of 2 jam. To the alumina sol was added ammonia water to convert it to a hydrogel. The hydrogel was dehydrated 
under pressure and formed into a cylindrical forming product of 1 m/m0. The forming product was dried and then cal- 
cined at 560 °C to obtain an alumina forming product. Specific surface area, pore volume, etc. of the alumina forming 

55 product were measured. The results are set forth in Table 1 . The pore distribution curve is shown in Fig. 6. 

In Table 1 , the amount of water of crystallization is expressed in molar ratio, and the diameter and the fiber length 
are both expressed as weight mean values. The pore volume of pores having a pore diameter of less than 60 nm is set 
forth in the a column, and the pore volume of pores having a pore diameter of not less than 60 nm is set forth in the p 
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column. 
Example 2 

s To 560 ml of ion-exchanged water, 68 g of acetic acid was added, and then 372 g of the same alumina as used in 

Example 1 was added to prepare a reactant. The reactant had an alumina concentration of 35 %, an acid/alumina molar 
ratio (b/a) of 0.33, an acid/water molar ratio (b/c) of 0.035 and a k value of 0.011 6. The reactant was subjected to hydro- 
thermal treatment at 1 15 °C for 72 hours in the same manner as in Example 1 . From the light transmittance measured 
in a concentration of 1 % and the amount of water of crystallization, a molecular formula of the reaction product was 

10 determined in the same manner as in Example 1. The reaction product was fibrous boehmite having a light transmit- 
tance of 75 % in a concentration of 1 %, a molecular formula Al 2 0 3 • 1 .16H 2 0, a weight mean diameter of 6 nm and a 
weight mean fiber length of 200 nm. The viscosity of the alumina sol in a 10 % concentration was 40 mPa • s. To the 
alumina sol was added ammonia water to convert it to a hydrogel. Without performing dehydration under pressure, the 
hydrogel was formed into a cylindrical forming product of 1 m/m0 by means of an extruder. The forming product was 

15 dried and then calcined at 560 °C to obtain an alumina forming product. The results of measurements of specific sur- 
face area, pore volume, etc. of the alumina forming product are set forth in Table 1 . The pore distribution curve is shown 
in Fig. 6. 

Example 3 

20 

To 636 ml of ion-exchanged water, 45.5 g of nitric acid having a specific gravity of 1 .38 was added, and then 319 g 
of the same alumina as used in Example 1 was added to prepare a reactant. The reactant had an alumina concentration 
of 30 %, an acid/alumina molar ratio (b/a) of 0.15, an acid/water molar ratio (b/c) of 0.01 1 8 and a k value of 0.0018. The 
reactant was subjected to hydrothermal treatment at 135 °C for 36 hours in the same manner as in Example 1 , to syn- 
25 thesize an alumina sol. The results of property measurements of the alumina sol and an alumina forming product 
obtained from the alumina sol in the same manner as in Example 2 are set forth in Table 1 . The pore distribution curve 
is shown in Fig. 6. 

Example 4 

30 

To 547 ml of ion -exchanged water, 61 .7 g of acetic acid was added, and then 160 g of the same alumina as used 
in Example 1 and 231 g of gibbsite having a mean particle diameter of 2.5 jmm and a low water content were added to 
prepare a reactant. The reactant had an alumina concentration of 30 %, an acid/alumina molar ratio (b/a) of 0.35, an 
acid/water molar ratio (b/c) of 0.029 and a k value of 0.010. The reactant was subjected to hydrothermal treatment at 
35 150 °C for 24 hours in the same manner as in Example 1 , to synthesize an alumina sol. The alumina sol in a weakly 
acidic state was per se formed into a cylindrical forming product of 1 m/m0 by means of an extruder. With keeping the 
weakly acidic state, the forming product was dried and then calcined at 560 °C to obtain an alumina forming product. 
The results of property measurements of the alumina sol and the alumina forming product are set forth in Table 1 . The 
pore distribution curve is shown in Fig. 6. 

40 

Example 5 

To 81 .1 ml of warmed ion-exchanged water, 12.9 g of acetic acid was added, and then 106 g of the same alumina 
as used in Example 1 was added to prepare a reactant. The reactant had an alumina concentration of 50 %, an 

45 acid/alumina molar ratio (b/a) of 0.22, an acid/water molar ratio (b/c) of 0.045 and a k value of 0.010. The reactant was 
heated at 80 °C for 1 hour to give a viscous liquid wherein no starting alumina powder was precipitated. Then, the vis- 
cous liquid was charged into a heat-resistant vessel and was subjected to hydrothermal treatment at 125 °C for 48 
hours under a gauge pressure of 1 .4 kg/cm 2 in a steam atmosphere, to synthesize an alumina sol. The results of prop- 
erty measurements of the alumina sol and an alumina forming product obtained from the alumina sol in the same man- 

50 ner as in Example 2 are set forth in Table 1 . The pore distribution curve is shown in Fig. 6. 

Example 6 

The alumina sol obtained in Example 2 was dried at a temperature of 11 0 to 215 °C to obtain xerogel alumina sep- 
55 arated from the mother liquor and the free acetic acid. The xerogel alumina was pulverized and dispersed again in 
water. The resulting alumina sol with a concentration of 1 0 % had a viscosity of 20 mPa • s, and this viscosity value was 
a half of the viscosity value of the alumina sol synthesized. Though the alumina sol was allowed to stand, viscosity 
increase did not take place. Xerogels were prepared in the same manner as above except for varying the drying tem- 
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perature, and the xerogels were again dispersed in water to prepare alumina sols. The light transmittances of the thus 
prepared alumina sols and the amounts of precipitates in the alumina sols are set forth in Table 2. 

As can be seen from Table 2, with increase of the drying temperature, the light transmittance was lowered, the 
amount of precipitate was increased, and the alumina sol lost reversibility. From this fact, low-temperature drying proved 
s to be preferable. 

Example 7 

The alumina sol in a weakly acidic state obtained in Example 2 was per se formed into a cylindrical forming product 
10 of 1 m/m0 by means of an extruder. The forming product was placed in a closed vessel containing ammonia gas for 
several hours to neutralize it, then dried at 140 °C and calcined at 560 °C to obtain an alumina forming product. The 
alumina forming product was washed with water to remove a slight amount of Na 2 0 contained therein. Then, the prod- 
uct was impregnated with an aqueous solution of nickel nitrate, cobalt nitrate and ammonium molybdate, said metals 
being active metals, in the conventional manner to obtain a hydrogenation catalyst wherein 1 .5 % of NiO, 1 .5 % of CoO 
15 and 12.5 % of Mo0 3 were supported. As for the properties of the catalyst, the specific surface area was 202 m 2 /g, the 
pore volume of pores having a pore diameter of less than 60 nm was 0.62 ml/g, and the pore volume of pores having a 
pore diameter of not less than 60 nm was 0.01 ml/g. The pore distribution curve of the catalyst is shown in Fig. 7. Sep- 
arately, a catalyst of the same composition was prepared from an alumina carrier prepared by way of trial referring to 
Example 1 of the aforesaid Publication No. 12. The catalyst was compared with the hydrogenation catalyst of Example 
20 7 in the compressive crushing strength. As a result, the hydrogenation catalyst of Example 7 had a strength 1 .4 times 
as much as that of the catalyst of Publication No. 12. 

The following has become apparent from Table 1 , Fig. 6 and Fig. 7. 

With respect to the alumina sol obtained in Example 1 , fibrous boehmite of thin and long fibers was produced over 
a long period of time, and an alumina forming product having a large pore volume of pores having a pore diameter of 
25 less than 60 nm was obtained. 

The alumina sol obtained in Example 2 had a concentration suitable for extrusion forming, and the alumina forming 
product had a specific surface area, a pore volume and a pore distribution all favorable for a hydrogenation catalyst car- 
rier. The pore distribution curve of the active metal-impregnated catalyst obtained in Example 7 is shown in Fig. 7, and 
the curve is steep at a pore diameter of about 12 nm, that is, the catalyst of Example 7 was one having an extremely 
30 small pore volume of pores having a pore diameter of not less than 1 2 nm. 

With respect to the alumina sol synthesized by the use of nitric acid in Example 3, the diameter of boehmite fibers 
tended to become large and the pore distribution tended to become broad. 

When gibbsite was used as a starting alumina in Example 4, the diameter of boehmite fibers tended to become 
large, and the forming product produced from the weakly acidic sol hardly shrank in the drying step and had a large pore 
35 volume though it was acidic. 

In Example 5, the alumina concentration was 50 %, and the boehmite particles proved to be thick and short, in con- 
trast with those of Example 1 . 

Comparative Example 1 

40 

To 60.7 ml of ion-exchanged water, 2.1 g of acetic acid was added, and then 37.2 g of the same alumina exhibiting 
p- and %-crystal structures as used in Example 1 was added to prepare a reactant. The reactant had an alumina con- 
centration of 35 %, an acid/alumina molar ratio (b/a) of 0.10, an acid/water molar ratio (bit) of 0.010 and a k value of 
0.001 . The reactant was subjected to hydrothermal treatment at 125 °C for 56 hours in the same manner as in Example 
45 1 . The obtained product was a cloudy suspensions, and the suspended material was heavy boehmite which was dis- 
persible in water and easily precipitable. This suspensions was not converted to a hydrogel even by adding ammonia. 
The results of property measurements of the suspended material and its forming product are set forth in Table 3. 

Comparative Example 2 

50 

To 38.1 ml of ion-exchanged water, 24.7 g of acetic acid was added, and then 37.2 g of the same alumina exhibiting 
p- and x-crystal structures as used in Example 1 was added to prepare a reactant. The reactant had an alumina con- 
centration of 35 %, an acid/alumina molar ratio (b/a) of 1.20, an acid/water molar ratio (b/c) of 0.184 and a k value of 
0.22. The reactant was subjected to hydrothermal treatment at 125 °C for 56 hours in the same manner as in Example 
55 1 . The obtained product was a cloudy suspensions, and the suspended material was light boehmite which was dispers- 
ible in water and easily precipitable. The results of property measurements of the suspended material and its forming 
product are set forth in Table 3. 
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Comparative Example 3 

To 52.9 ml of ion-exchanged water, 1 5.2 g of nitric acid having a specific gravity of 1 .38 was added, and then 31 .9 
g of the same alumina exhibiting p- and x-crystal structures as used in Example 1 was added to prepare a reactant. The 

5 reactant had an alumina concentration of 30 %, an acid/alumina molar ratio (b/a) of 0.50, an acid/water molar ratio (b/c) 
of 0.044 and a k value of 0.022. The reactant was subjected to hydrothermal treatment at 125 °C for 56 hours in the 
same manner as in Example 1 . The obtained product was a cloudy suspensions, and the suspended material was light 
boehmite which was dispersible in water and easily precipitable. The results of property measurements of the sus- 
pended material and its forming product are set forth in Table 3. 

10 From the results of Comparative Examples 1 to 3, it can be seen that when the K value was out of the range of the 
claim, no preferred alumina sol was obtained, the reaction product was a cloudy suspensions, the amount of water of 
crystallization was not preferable, the pore volume of pores having a pore diameter of less than 60 nm was small, and 
the pore volume of pores having a pore diameter of not less than 60 nm was large. Further, because of low mechanical 
strength, the forming products were not practical. 

15 

Examples 8 - 26 

Many kinds of alumina sols were prepared using alumina having rehydration properties and exhibiting p-and %• 
crystal structures and calcined alumina as the staring alumina materials and using acids and aluminum salts shown in 

20 Tables 4 and 5. Preparation of the reactants, operation of the hydrothermal treatment, forming and property measure- 
ments were made in accordance with Examples 1,2,4 and 7. The acid/alumina molar ratio, the acid/water molar ratio 
and the temperature and time of the hydrothermal treatment were varied as shown in Tables 4 and 5. To each of the 
alumina sols was added ammonia water to convert it to a hydrogel. The hydrogel was extruded, dried and then calcined 
at 560 °C, to obtain an alumina forming product. The pore volume of pores having a pore diameter of less than 60 nm 

25 and the pore volume of pores having a pore diameter of not less than 60 nm were measured. The k value was calcu- 
lated from the acid/alumina molar ratio and the acid/water molar ratio. The results are set forth in Table 4 and Table 5. 
The following has become apparent from Table 4 and Table 5. 

Examples 8 to 13 relate to types of acids and mixed acids. In the syntheses of alumina sols, the acids of the claim 
were used in amounts determined from the k values, whereby alumina sols capable of providing alumina forming prod- 
30 ucts having preferable pore structures were obtained. 

Examples 14 to 16 relate to types of monobasic acid salts of aluminum. Alumina sols almost identical with those 
obtained by the use of the same acids as made by dissociation of the salts were obtained. 

Examples 25 and 26 relate to influences of the mixing ratio of the calcined alumina. The calcined alumina was used 
in the mixing ratio shown in Table 5, and the hydrothermal treatment was carried out by heating the alumina sol at 1 10 
35 °C for 120 hours and then heating it again at 150 °C for 24 hours. The results are set forth in Table 5. With increase of 
the mixing ratio of the calcined alumina, the macropores tended to be increased. 

In Example 8, Examples 1 7 to 20, and Examples 1,2,5 and 1 1 using acetic acid, wherein the synthesis was made 
using a preferred k value, the pore volume of pores having a pore diameter of less than 60 nm was on a high level and 
the macropore volume of pores having a pore diameter of not less than 60 nm was small, even if the alumina concen- 
40 tration was varied to 1 0 - 50 %. When the k value in case of nitric acid or acetic acid deviated from the preferred value, 
the pore volume of pores having a pore diameter of less than 60 nm was decreased and the macropore volume of pores 
having a pore diameter of not less than 60 nm was increased, as is apparent from Examples 21 to 24. 

With increase of the mixing ratio of the calcined alumina, the macropores were increased, and an alumina forming 
product having a pore distribution of bimodal type was obtained. As is apparent from Examples 25 and 26, an alumina 
45 forming product favorable as a carrier of a demetalization catalyst was obtained, and use of the calcined alumina in 
combination proved to be effective. 

INDUSTRIAL APPLICABILITY 

50 Owing to the constitution of claim 1 , there can be obtained an entirely novel fibrous boehmite for forming an alumina 
sol, said boehmite containing a small amount of excess water inside the crystal lattice and having an extremely long 
fiber length. 

Owing to the constitution of claim 2, an alumina sol having an extremely high concentration and comprising boeh- 
mite containing a small amount of excess water inside the crystal lattice can be synthesized. The alumina sol thus syn- 
55 thesized has excellent mechanical strength and properties particularly favorable for alumina carriers or hydrogenation 
catalysts, and can be fed to the forming process without subjecting it to a special concentration operation, whereby the 
productivity can be prominently improved. Since the concentration step is unnecessary, the alumina sol is advanta- 
geous in conservation of energy. 
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Owing to the constitution of claim 3 to claim 5, a preferred alumina sol can be produced under optimum synthesis 
conditions according to the intended use such as alumina carrier, and the alumina sol thus produced shows highly 
improved quality. Owing to the constitution of claim 6 and claim 7, an alumina forming product, which has higher quality 
than conventional alumina obtained by hydrolysis method, is advantageous in conservation of resources and is capable 
5 of markedly reducing the drain quantity, can be obtained using alumina of p- and %-crystal structures and inexpensive 
gibbsite or the like in combination. 

Owing to the constitution of claim 8, stirring and heating are improved, whereby a highly monodisperse alumina sol 
showing stable quality can be synthesized and an alumina forming product having a sharp pore distribution can be 
obtained. 

10 Owing to the constitution of claim 9, there can be obtained an alumina forming product, which shows plastic mold- 
ability and excellent green strength, is free from cracks caused by shrinkage in the drying and has a moderate pore vol- 
ume, a sharp pore distribution and high compressive crushing strength. 

Owing to the constitution of claim 10, a hydrogenation catalyst having a moderate pore volume, a sharp pore dis- 
tribution and high compressive crushing strength can be easily mass produced at a low cost with a small amount of 

15 drain. The process for preparing the catalyst is advantageous in conservation of resources. 



Table 1 



30 



EX 


Alumina sol 


Alumina forming product 




Light trans- 
mittance 
1.0%% 


Crystal form 


Amount of 
water of crys- 
tallization 
molar ratio 


Shape of boehmite 


Specific sur- 
face area 


Pore volume 










mean diame- 
ter nm 


mean 
length nm 


m 2 /g 


ml/g a 


ml/g p 


1 


78 


boehmite 


1.18 


4 


2000 


280 


0.85 


0.00 


2 


75 


boehmite 


1.16 


6 


200 


225 


0.77 


0.00 


3 


34 


boehmite 


1.14 


9 


150 


172 


0.70 


0.00 


4 


18 


boehmite 


1.10 


15 


300 


107 


0.80 


0.02 


5 


62 


boehmite 


1.15 


8 


150 


192 


0.59 


0.02 



35 a: pore volume of pores having a pore diameter of less than 60 nm. 

p: pore volume of pores having a pore diameter of not less than 60 nm. 



Table 2 



Drying conditions 


Transmittance (1 .0% liq- 
uid)* % 


Amount of precipitate (1 
% liquid 20 hr spontane- 
ous precipitation) 


undried alumina sol 


72 


0.4 


110°C-dried xerogel 


75 


0.4 


135°C-dried xerogel 


60 


0.5 


165°C-dried xerogel 


51 


0.7 


180°C-dried xerogel 


40 


0.8 


195°C-dried xerogel 


18 


2.1 


215°C-dried xerogel 


11 


4.0 



55 *: visible light having a wavelength of 570 nm. 
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Table 3-1 



Compar. Ex. 


Type of acid 


Alumina concentration % 


Acid/Alumina by mol 


k value 


Appearance 


1 


Acetic acid 


35 


0.10 


0.0008 


suspension 


2 


Acetic acid 


35 


1.50 


0.22 


suspension 


3 


Nitric acid 


30 


0.50 


0.022 


suspension 



10 



Table 3-2 



Compar. Ex. 


Water of crystalliza- 
tion molar ratio 


Pore volume pore 
diameter: less than 60 
nm ml/g 


Pore volume pore 
diameter: not less than 
60 nm ml/g 


Compressive crushing 
strength 


1 


1.08 


0.38 


0.48 


low 


2 


1.36 


0.40 


0.32 


low 


3 


1.42 


0.36 


0.25 


low 



25 

Table 4-1 



30 



35 



40 



Ex. 


Type of acid 


Type of alumina 


Alumina concentration % 


Acid/Alumina by mol 


k value 


8 


Nitric acid 


Alumina * 


30 


0.12 


0.0011 


9 


Hydrochloric acid 


Alumina * 


30 


0.12 


0.0011 


10 


Formic acid 


Alumina * 


30 


0.27 


0.0058 


11 


Acetic acid 


Alumina * 


30 


0.35 


0.0100 


12 


Propionic acid 


Alumina * 


30 


0.40 


0.0140 


13 


Nitric acid + Acetic acid 


Alumina * 


30 


0.05 
0.23 


0.0064 


14 


Aluminum nitrate 


Alumina * 


30 


0.35 


0.0010 


15 


Aluminum chloride 


Alumina * 


30 


0.12 


0.0011 



*:alumina having p and x-crystal structures 



Table 4-2 



Ex. 


Condition of hydrothermal treat- 
ment 


Pore volume pore diame- 
ter: less than 60 nm ml/g 


Pore volume pore diame- 
ter: not less than 60 nm 
ml/g 




Temperature °C 


Time hr 






8 


115 


72 


0.74 


0.01 


9 


115 


72 


0.76 


0.00 


10 


135 


36 


0.69 


0.10 


11 


125 


48 


0.73 


0.00 
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Table 4-2 (continued) 



Ex. 


Condition of hydrothermal treat- 
ment 


Pore volume pore diame- 
ter: less than 60 nm ml/g 


Pore volume pore diame- 
ter: not less than 60 nm 
ml/g 




Temperature °C 


Time hr 






12 


135 


36 


0.68 


0.01 


13 


150 


20 


0.62 


0.02 


14 


125 


48 


0.72 


0.02 


15 


115 


72 


0.75 


0.01 



15 



Table 5-1 



20 



25 



30 



Ex. 


Type of acid 


Type of alumina 


Alumina concentration % 


Acid/Alumina by mol 


k value 


16 


Aluminum acetate 


Alumina * 


30 


0.35 


0.0100 


17 


Nitric acid 


Alumina * 


10 


0.30 


0.0018 


18 


Nitric acid 


Alumina * 


20 


0.20 


0.0018 


19 


Nitric acid 


Alumina * 


40 


0.11 


0.0015 


20 


Nitric acid 


Alumina * 


50 


0.08 


0.0012 


21 


Nitric acid 


Alumina * 


30 


0.10 


0.0008 


22 


Nitric acid 


Alumina * 


30 


0.30 


0.0074 


23 


Acetic acid 


Alumina * 


30 


0.20 


0.0032 


24 


Acetic acid 


Alumina * 


30 


0.80 


0.0610 


25 


Acetic acid 


Alumina * 30% Calcined 
alumina 70% 


30 


0.40 


0.0135 


26 


Acetic acid 


Alumina * 50% Calcined 
alumina 50% 


30 


0.40 


0.0135 



*:alumina having p and x-crystal structures 



40 

Table 5-2 



Ex. 


Condition of hydrothermal treat- 
ment 


Pore volume pore diame- 
ter: less than 60 nm ml/g 


Pore volume pore diame- 
ter: not less than 60 nm 
ml/g 




Tempera ture °C 


Time hr 






16 


125 


48 


0.72 


0.02 


17 


115 


72 


0.74 


0.03 


18 


115 


72 


0.73 


0.01 


19 


125 


48 


0.68 


0.03 


20 


135 


36 


0.58 


0.02 


21 


115 


72 


0.58 


0.08 


22 


115 


72 


0.50 


0.15 
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Table 5-2 (continued) 



Ex. 


Condition of hydrothermal treat- 
ment 


Pore volume pore diame- 
ter: less than 60 nm ml/g 


Pore volume pore diame- 
ter: not less than 60 nm 
ml/g 




Tempera ture °C 


Time hr 






23 


115 


72 


0.55 


0.10 


24 


135 


36 


0.48 


0.15 


25 


110 + 150 


120 24 


0.50 


0.22 


26 


110 + 150 


120 24 


0.63 


0.05 



Claims 

15 

1 . An alumina sol comprising fibrous boehmite represented by the molecular formula Al 2 0 3 • 1 .05-1 .30H 2 O and hav- 
ing a weight mean diameter of 3 to 50 nm and a weight mean length of 500 to 1 0,000 nm. 

2. An alumina sol comprising fibrous boehmite represented by the molecular formula Al 2 0 3 • 1 .05-1 .30H 2 O and hav- 
20 ing a weight mean diameter of 3 to 50 nm and a weight mean length of 30 to 3,000 nm, said alumina sol being syn- 
thesized in an alumina concentration of 15 to 60 % by weight. 

3. A process for producing an alumina sol, comprising mixing alumina at least partially having rehydration properties 
and exhibiting p- and x-crystal structures with alumina having higher solubility than boehmite in an amount of 0 to 

25 95 % in terms of oxide, adding at least one acid, and then subjecting the resulting mixture to hydrothermal treat- 
ment at a temperature of 70 to 350 °C, preferably 90 to 150 °C, in the presence of water, said mixture having a 
chemical composition by mol represented by aAI 2 0 3 • bHA • cH 2 0 wherein HA is a sum of effective acids and a, b 
and c are numbers satisfying the following relation: 

30 k - (b/a) • (b/c) 

wherein the k value is in the range of 0.0001 to 0.01 , preferably 0.0005 to 0.005. 

4. The process for producing an alumina sol as claimed in claim 3, wherein the acid comprises an inorganic monoba- 
35 sic acid such as hydrofluoric acid, hydrochloric acid, bromic acid, iodic acid or nitric acid, or an acid made by dis- 
sociation of its aluminum salt. 

5. The process for producing an alumina sol as claimed in claim 3, wherein the acid contains at least one acid 
selected from lower organic aliphatic monccarboxylic acids such as formic acid, acetic acid and propionic acid and 

40 acids made by dissociation of their aluminum salts, and the k value is in the range of 0.002 to 0.2, preferably 0.005 
to 0.05. 

6. The process for producing an alumina sol as claimed in any one of claims 3 to 5, wherein the alumina at least par- 
tially having rehydration properties and exhibiting p- and %-crystal structures is produced by rapid heating dehydra- 

45 tion of aluminum hydroxide, and mainly contains p-alumina having no orderly lattice without a 1 .40 A on the X-ray 
diffraction pattern or comprises p-alumina mixed with a x-crystal structure. 

7. The process for producing an alumina sol as claimed in any one of claims 3 to 6, wherein the alumina having higher 
solubility than boehmite, that is one starting alumina to be mixed, at least partially comprises one or more sub- 

so stances selected from gibbsite, bayerite, nordstrandite, amorphous hydrated alumina, amorphous alumina, %-a\u- 
mina, y-alumina and r|-alumina. 

8. The process for producing an alumina sol as claimed in any one of claims 3 to 7, wherein either stirring hardly 
accompanied by substantial shearing, no stirring or a combination thereof is performed throughout the process 

55 except during the period of heating up and the initial period of reaction in the hydrothermal treatment, and a heating 
medium set apart from the reactants by a reactor wall comprises a temperature-controlled heating medium. 

9. A process for producing an alumina forming product, comprising a forming step of forming either the alumina sol 
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as claimed in claim 1 or 2, the alumina sol obtained by the process for producing an alumina sol as claimed in any 
one of claims 3 to 8, or xerogel alumina obtained by drying any of the alumina sols, to produce a forming product 
in the form of micro sphere, bead, cylinder, modified cross-section bar, pipe, honeycomb, sheet, wavy sheet or cor- 
rugated sheet; a conversion step of contacting the above alumina or the forming product with an alkali material 
before or after the forming step, to convert it to hydrogel boehmite at a pH value of 4 to 12; and a heat treatment 
step of heating the forming product having passed the conversion step. 

10. An alumina supported catalyst comprising the alumina forming product obtained by the process as claimed in claim 
9 and at least one element selected from vanadium of Group 5A, molybdenum and tungsten of Group 6A and 
cobalt and nickel of Group 8, said element being supported on the alumina forming product. 
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Fig. 1 
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Fig. 4 
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